Abstract-An UWB antenna design with finite ground plane approach and multiple notches is reported. The antenna design provided a 10 dB bandwidth in excess of 8 GHz with better return loss characteristics. The antenna implemented in FR4 substrate, is compact and cost effective. The measured antenna parameters are in agreement with simulation.
I. INTRODUCTION High data rate wireless transmission is the current requirement for many applications. The lower frequency bands used by various communication networks are over-crowded and hence channel allocation for large amount of data transmission has become difficult. Ultra Wide Band (UWB) technology operating in the frequency range of 3.1-10.6GHz is a potential candidate for high speed communication application for short distances [1] . In order to implement UWB communication for portable and hand held devices, patch antennas are widely investigated.
Patch antennas based on simple designs for ultra wide band frequencies have been already proposed in literature. Notches along with proper cut on the patch, can suppress narrow band interferences [2] , [3] . On the other hand, the antenna design proposed in [4] makes use of the planar metamaterials concept that has isolated triangular gaps and crossed gaps etched on metal patch and ground plane respectively. By changing the pattern on the ground the impedance characteristics of the antenna are significantly improved. The pattern enables an increase of more than 200% in the antenna impedance bandwidth at the return loss magnitude of -10dB, for a frequency range of 3.85-15.62 GHz. In [5] a printed monopole antenna with an inverted T-shaped slot and a conductor backed-plane, provides large bandwidth in the order of 11 GHz and also has a reduced size of 12 x 18mm2. Though the antenna performance is fairly impressive, the design complexity involved is quite high. A microstrip antenna design based on stacked multi-resonator for UWB application is presented in [6] . It is well known that the bandwidth of a microstrip antenna increases with an increase in substrate thickness and decreases with dielectric constant. Further, the bandwidth of the antenna increases when multiple resonators are coupled in planar or stacked configurations.
Finite ground plane is a concept by which the dimension of a patch antenna is compacted by An improved UWB Patch Antenna Design using Multiple Notches and Finite Ground Plane A.P Padmavathy, M.Ganesh Madhan, reducing the ground plane dimensions from an assumed infinite value to a finite value. Literatures suggest that the directivity and gain is high for large size ground planes [7] , consequently, the finite ground plane results in reduced gain and directivity and also provides some amount of back-lobe radiations. However, finite ground plane increases the bandwidth of the antenna tremendously.
This feature has triggered an increased interest in finite ground plane based microstrip antennas for UWB applications. Previously, Chen et al [8] have described a small printed antenna with reduced ground plane effects for UWB frequency ranges. A notch is cut from the radiator while a strip is asymmetrically attached. The simulation and measurement show that the miniaturized antenna achieves a broad operating bandwidth of 2.9-11.6 GHz for a 10-dB return loss. This design greatly reduced the ground-plane effect on impedance performance by cutting the notch from the radiator.
Many researchers have developed notch based design of antennas for different applications [9] , [10] .
In this paper, we follow the finite ground plane design of Chen et al [8] and improve the return loss and impedance bandwidth performance by adding multiple notches to the designed patch. Moreover, a low cost FR-4 substrate is used for implementation. The entire design proves to be simple, compact and cost effective.
II. ANTENNA DESIGN AND SIMULATION
The basic design is based on the approach of Chen et al [8] and the same geometry is considered.
The same design is simulated with the parameters provided in Table. I, to verify the results and also to fix the simulator setting for further modifications. Initially the antenna, shown in Fig. 1 , was simulated with no additional notches inserted. The S11 plot obtained was identical to the result obtained by Cheng et al [8] . This validates our simulation and we proceeded further to improve the design, by introducing additional notches in the designed antenna. This feature suppresses the return loss well below -23 dB and improves the bandwidth, so that the antenna covers the entire UWB frequency range. 
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This design is optimized to the feed impedance for impedance matching and the ground plane dimensions were calculated as Length of the ground plane = 25mm
Width of the ground plane = 9 mm.
B. Notch insertion
In order to improve the return loss and bandwidth of the antenna, additional notches were added.
The following layout in Fig. 2 .a illustrates an inverted L shaped notch inserted in the square patch on the left. The dimension of the horizontal portion of the notch is 8.3 mm and the vertical is 8.7 mm.
The corresponding return loss characteristic is shown in Fig. 2.b , where resonances at 3.2 GHz, 5.3
GHz and 8.6 GHz are identified. A maximum return loss of -40dB occurring around 8.6 GHz frequency, is also observed. When another notch of length 11.6 mm, is inserted close to the L-shaped notch, the return loss at 8.6 GHz frequency is found to further reduce to -47 dB. Fig. 3 .a and b shows the layout and corresponding return loss behavior. The third notch was inserted on a slot of patch on the right, in order to improve the return loss at 4
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GHz. At this frequency, the return loss is nearly -10dB, which disrupts the wide band behaviour. The layout is depicted in Fig. 4 .a. However, it is observed from the characteristics of three notch case (Fig. 4.b) , a single notch was not effective enough to suppress the peak arising at 4GHz. Hence another notch of the same dimension is inserted near the third notch.
To calculate the notch dimension, the following expression is used [11] . In the final design, the antenna has four notches in the patch out of which 3 of them are 11.6mm
corresponding to a resonant frequency occurring at 5.4 GHz. Another notch is about 8.3 mm, inserted for 7.6 GHz frequency. The optimized design is then checked for momentum characteristics for measuring return loss and bandwidth parameters. The return loss characteristics depicted in Fig. 6 , reveals a better performance, without multiple peaks, which is a significant improvement over the previous report of Chen et al [8] .
This results from the combined effect of finite ground plane and the multiple notches. The return loss charactersitics of various stages of development is illustrated in Fig. 7 , which also incorporates the performance of previous design [8] for comparison. It is observed that the final design provides better return loss and required bandwidth.
The overall area of the antenna is calculated to be 25x25mm In order to examine the radiation performance of the antenna, current distributions are evaluated at different frequencies. At 3.5GHz, the current vectors are primarily distributed near the feed region ( Fig. 8.a) , as the frequency increases the current at the feed region decreases gradually and tends to accumulate near the notch regions. At 8 GHz we observe that some part of the current is accumulated near the parallel notch region. This behavior is shown in Fig. 8 .b and c. From the radiation pattern analysis, we observe that the antenna has a near isotropic radiation pattern, with a maximum efficiency of 54.7% at a frequency of 3.5GHz. The reduced efficiency is attributed to the FR-4 substrate. The electric field radiation, magnetic field, gain, radiated power and effective area obtained by ADS tool are shown in Fig. 9 . The radiation pattern in 3-D view is shown in Fig. 10 . In the proposed design, a reasonable gain of 1.32dB has been obtained for a single patch and the return loss has been quite uniform without any peaks as in normal designs. The bandwidth measured at -10dB point shows that the antenna has a very large bandwidth of 8.28 GHz covering the entire UWB spectrum from 3.3GHz to 11.43GHz.
The designed antenna was fabricated with FR-4 substrate and is shown in Fig. 11 . Also the test results obtained are compared with simulation plots to verify the design. This antenna is experimentally tested using a R&S ZVB 20GHz Vector Network Analyzer, for various parameters namely, return loss and voltage standing wave ratio (VSWR). The return loss characteristics are shown in Fig. 12 , where the 10-dB bandwidth exceeds the required UWB range.
However, the deviation from the simulation may be attributed to the fabrication, connector and soldering effects.
The voltage standing wave ratio varies between 1-1.5 in the frequency range of 3-12GHz in the test antenna and is shown in Fig. 13 . 
III. CONCLUSION
A simple design approach for UWB antenna is proposed. The base structure considered is investigated and additional design changes are incorporated to provide satisfactory results. We observe that the design results obtained is based on combined effects of the finite ground plane and multiple notches on the radiating patch on the FR-4 substrate. The fabricated antenna also provides a reasonable agreement with respect to the simulation results obtained. The antenna is found to provide a 10 dB bandwidth in excess of 8 GHz in the UWB band with a compact size of 25x25mm2. These antennas can be useful in small portable devices that require high bandwidth for large information carrying capacity at short distance.
